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ABSTRACT 

We present the results of a radio polarimetric study of the high-redshift radio 
galaxy PKS B0529— 549 [z = 2.575), based on high-resolution 12 mm and 3 cm images 
obtained with the Australia Telescope Compact Array (ATCA). The source is found 
to have a rest-frame Faraday rotation measure of —9600 rad m~ 2 , the largest seen thus 
far in the environment of a z > 2 radio galaxy. In addition, the rest-frame Faraday 
dispersion in the screen responsible for the rotation is calculated to be 5800 rad m~ 2 , 
implying rotation measures as large as —15 400 rad m -2 . Using supporting near-IR 
imaging from the Very Large Telescope (VLT), we suggest that the rotation measure 
originates in the Lya halo surrounding the host galaxy, and estimate the magnetic field 
strength to be ~10 fxG. We also present a new optical spectrum of PKS B0529— 549 
obtained with the New Technology Telescope (NTT), and propose that the emission- 
line ratios are best described by a photoionization model. Furthermore, the host galaxy 
is found to exhibit both hot dust emission at 8.0 /^m and significant internal visual 
extinction (~1.6 mag), as inferred from Spitzer Space Telescope near/mid-IR imaging. 

Key words: polarization - galaxies: active - galaxies: high-redshift - galaxies: indi- 
vidual (PKS B0529— 549) radio continuum: galaxies. 
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1 INTRODUCTION 



As in fer red from the Hubb le K-z d iag ram (e.g. Eales et al.l 



19971: Ivan Breugel et ail ll99Sl: 



Inskip et al.l 



De Breuck et al 



20031 : iRocca-Volmerange et al.l 
galaxies (HzRGs; z > 2) 



et al.l 
2004^ 



Ijarvis et al 
12002] ; 



200 it 



IWillott et ail 
high-redshift radio 
among the most 



z > 1) are among the most massive 
galaxies in the early universe, and are thus crucial in en- 
hancing our knowledge of galaxy formation and evolution. 
Of particular interest are the environments in which these 
systems reside. HzRGs are frequently located in regions 
of overdensity where companion gal axies are often aligned 
with the axis of r adio emission (e.g. Rottgering et al] 19961: 
Pentericci etafl l200ll : H ornancini, Lambas fc De Breuckl 
20061 ) . are potentially members of protoclusters (e.g. 



* Based on observations collected at the European Southern Ob- 
servatory, La Silla, Chile (programme 077.A-0471), and on ob- 
servations made with the European Southern Observatory tele- 
scopes obtained from the ESO/ST-ECF Science Archive Facility 
(programme 64.P-0500). 
f E-mail: jess@physics.usyd.edu.au 



Kurk et al] l2000l : iPentericci et al] l2000bl : IVenemans et al.l 
2002j h and are immersed in huge quantities of gas, as in- 
ferred from the e xtended emissi o n of Lya (up to ~150 kpc 
in extent, e.g. iReuland et ail 120031; I Villar-Martm et al.l 
20031. l2006h and CO (e g. |Pe Breuck et al l 120031 ; 



Greve. Ivison fc PapadopoulodkoO^ iKlamer et alJl2005h . 

In the radio domain, a powerful tool that can be used 
to investigate the environments of HzRGs is polarimetry. As 
a linearly polarized wave propagates through a magnetized 
plasma, the plane of polarization is subject to rotation. The 
amount by which the plane of polarization rotates is de- 
scribed by the Faraday rotation measure (RM, measured in 
rad m -2 ): 



RM = 812 



,B dl 



(1) 



where L is the path length in kpc, n c the thermal electron 
density in cm' 3 , and B the magnetic field strength in /j,G. 
The integral is taken along the line of sight. It is generally 
believed that the Faraday screen causing the rotation is lo- 
cated in the vicinity of the radio source. If we assume that 
the magnetic fields do not vary substantially from galaxy to 
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galaxy, then the RM is an effective indicator of the ambient 
density of a radio source. 

High-resolution multifrequency studies with the 
Very Large Array (VLA) have discovered a num- 
ber of HzRGs with signifi cantly high intrinsic RMs. 
ICarilli. Owen fc Harris! i| 19941) observed RMs in excess of 
1000 rad m -2 in the HzRGs B2 0902+343 (z = 3.395) and 
4C 41.17 (z — 3.800). S ubsequent investigat i ons of samples 
of HzRGs with z > 2 (ICarilli et all Il997l ; lAthreva etafl 
ll998l ; |Pentericci et alj|2000al ) discovered that 20-30 per cent 
of the sources have RMs in excess of 1000 rad m -2 , up to 
a maximum of 6250 rad m -2 in the z = 2.156 radio galaxy 
PKS B1138-262. Such extreme RMs suggest that these 
HzRGs are situated in very dense environ ments, analogous 
to cluster observations at low redshift (jCarilli fc Taylor 



2002, and references therein). Moreover, iPentericci et al 



(2000a) lave shown that the fraction of powerful radio 
galaxies with large Faraday rotation significantly in- 
creases with increasing redshift; this is consistent with the 
highest-redshift sources, on average, residing in the densest 
environments. 

In this paper, we present a study of the polarimetric 
properties of the HzRG PKS B0529-549 (z = 2.575), based 
on high-resolution 12 mm and 3 cm polarimetric observa- 
tions obtained with the Australia Telescope Compact Array 
(ATCA). In fj2j we summarise the previous observations of 
PKS B0529-549. In SJ3 we describe our ATCA radio data, 
as well as supporting optical spectroscopy and near/mid- 
IR imaging obtained with the ESO New Technology Tele- 
scope (NTT), the ESO Very Large Telescope (VLT), and 
the Spitzer Space Telescope. We analyse our radio and op- 
tical/IR observations in |4] and Sj5] before discussing both 
the polarimetric and host galaxy properties in ^6] Finally, 
we present our conclusions in 

Throughout this paper we assume a flat ACDM cosmol- 
ogy with Hp = 71 km s" 1 Mpc" 1 , Q M = 0.27 and Q. A = 0.73 
l|Spergel et al.l l2003). In this cosmology, 1 arcsec = 8.14 kpc 
at z = 2.575. We also define the radio spectral index a by the 
relation S u oc v a , where S v is the flux density at frequency 
v. 



2 PREVIOUS OBSERVATIONS 

PKS B0529— 549 was originally selected as part of an un- 
published ATCA study of southern HzRG candidates by 
Wieringa, Hunstead & Liang. The source was chosen us- 
ing the ultra-steep spectrum (USS) selection techniqu e 
|Tielens. Milev fc Willis! 1 19791 ; iBlumenthal fc Milevl Il979l ), 
which has been very successful in identifying HzRGs. The 
two-point spectral index selection criteria were a 2 og° < — 1.1 
and 02700 < —1-0, where the 408 MHz flux densi ty was taken 
from the Molonglo Reference Catalogue (MRC; lLarge et al.l 
119811 ). and the 2700 and 50 00 MHz flux densities from the 
old Parkes Catalogue fPKS; lBolton. Savage fc Wrighj[l979l 
and references therein). PKS B0529— 549 was included in 
the Leiden compendium of USS sources and was found to 
have a spectroscopic redshift z — 2.575 (Rott gering et all 
1 19971 ). 

Table [T] contains the radio flux densities of PKS 
B0529— 549 measured in previous observations and from 
this paper. For each measurement, we list the observing 



frequency, the flux density, its associated uncertainty, and 
the survey or telescope from which the flux density was ob- 
tained. The 4800 and 8640 MHz data points are from the 
unpublished Wieringa, Hunstead & Liang study. At 4800 
MHz, the source is slightly extended, while at 8640 MHz, it 
is a clear FR II double. 



3 CURRENT OBSERVATIONS AND DATA 
REDUCTION 

3.1 ATCA 

We observed PKS B0529-549 with the ATCA on ut 2006 
March 31. A full 12 h synthesis was conducted in the 12 
mm band with the 6C array configuration, spanning base- 
lines from 153 to 6000 m. Observations were carried out si- 
multaneously at frequencies of 16 448 and 18 496 MHz with 
band widths of 128 MHz. The primary calibrator was PKS 
B1934— 638, while phase calibration was performed in cycles 
of 2 min every 15 min using PKS B0537— 441. We also used 
PKS B0537— 441 as our pointing calibrator, updating the 
antenna pointing models at intervals of ~1 h. From imaging 
PKS B0537— 441, we estimate the positional accuracy of the 
16 448 and 18 496 MHz images to be ~0.1 arcsec; the posi- 
tion of PKS B0537-4 41 itself is known t o ~0.6 mas from 
VLBI measurements (|Beaslev et al.ll2002l ). The total inte- 
gration time spent on the target was ~8 h. 

Data reduction followed sta ndard procedures in miriad 
l|Sault. Teuben fc Wright! Il995l ) . The sensitivity was opti- 
mized by using natural weighting to construct total inten- 
sity (Stokes /) dirty images, which were CLEANed for a 
total of 500 iterations. To remove the effects of CLEAN 
bias, we restricted the CLEAN to a box placed around the 
source. The dynamic range was then improved by applying 
self-calibration to the CLEANed images. First, one iteration 
of phase self-calibration was performed, followed by another 
four iterations of both amplitude and phase self-calibration. 
The resultant images were primary beam corrected. The 
synthesized beamwidth is 1.07 arcsec x 0.75 arcsec at 16 448 
MHz (position angle 4? 2) and 0.94 arcsec x 0.66 arcsec at 
18 496 MHz (position angle 4? 9), while the rms noise level 
is 75 /iJy beam -1 at 16 448 MHz and 110 fiJy beam" 1 at 
18 496 MHz. 

To study the radio properties of PKS B0529-549 in 
greater detail, we combined our 12 mm data with the 8640 
MHz ATCA observations from the Wieringa, Hunstead & 
Liang studjQ. Snapshot-mode observations were carried out 
on ut 1993 January 6 with the 6A array, spanning baselines 
from 337 to 5939 m, and a 128 MHz bandwidth correla- 
tor configuration. The total integration time was ~50 min, 
consisting of 5 cuts of ~10 min duration. We re-analysed 
this dataset using PKS B1934— 638 as the primary calibra- 
tor and PKS B0522— 611 as the secondary calibrator. Uni- 
form weighting was necessary to resolve the two lobes. We 
used the same CLEANing and self-calibration strategy as 
described above to produce a CLEANed Stokes I image. The 
synthesized beamwidth is 2.08 arcsec x 0.68 arcsec (position 
angle 7?8), while the rms noise level is 315 pJy beam -1 . 



1 These data were downloaded from the Australia Telescope On- 
line Archive (jhttp:/ /atoa. atnf.csiro.au}. 
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Table 1. PKS B0529-549 radio flux densities. 



Frequency 
(MHz) 
(1) 


Su 
(mjy) 
(2) 


a 

(mjy) 
(3) 


i rirrnf /' 1 V"m f^cpnno 
O Lll Vcy / IclraLUpL 

(4) 


1VL1L1 lillL 

(5) 


408 


2710 


350 


MRC 


Large et al. f 19811 


843 


1220 


37 


SUMSS 


Mauch et al. ("20031 


2700 


300 


22 


PKS 


Bolton. Savage & Wright ( 19771 


4800 


158 


8 


ATCA 


Wieringa, Hunstead & Liang (priv. comm.) 


4850 


112 


11 


PMN 


Wright et al. f 19941 


5000 


150 


21 


PKS 


Bolton, Savage & Wright f 19771 


8640 


72 


4 


ATCA 


Wieringa, Hunstead & Liang (priv. comm.) 


16 448 


33.9 


1.4 


ATCA 


This paper 


18 496 


29.7 


1.6 


ATCA 


This paper 



Notes: (1) Observing frequency, measured in MHz, (2) flux density, measured in mjy, (3) flux density uncertainty, 
measured in mjy, (4) survey or telescope from which the flux density was obtained; MRC - Molonglo Reference 
Catalogue, SUMSS - Sydney University Molonglo Sky Survey, PKS - Parkes Catalogue, ATCA - Australia 
Telescope Compact Array, PMN — Parkes— MIT— N RAO Survey, (5) reference for flux density measurement. 



To enable a polarimetric analysis of PKS B0529— 549, 
we produced Stokes Q and U images from the self-calibrated 
visibilities at each of the three available frequencies. All dirty 
images were lightly CLEANed for a maximum of 50 itera- 
tions. The miriad task impol was then used to make total 
polarized intensity images (flux density S P = {8% + Sfj) 1/2 ) 
that were corrected for Ricean bias. The rms noise level in 
the Q and U images, <jqu, is 300, 65 and 90 /iJy beam -1 at 
8640, 16 448 and 18 496 MHz respectively. 

3.2 NTT 

The discovery spectrum of PKS B0529-549 

(Rott gering et aLlll997l ) shows bright Lya at z = 2.575 and 
very weak lines of Civ A1549, Hen A1640 and Cm] A1909. 
To confirm these lines, determine their spatial extent and 
their relative strengths, we obtained a new spectrum on 
ut 2006 July 28 using the ESQ Multi-Mo de Instrument 
(EMMI; iDekker. Delabre fc Dodoricol 1 19861 ) on the NTT. 
Conditions were non-photometric with ~1.1 arcsec seeing. 
We used grism no. 2 and a 1.5 arcsec slit. The target was 
acquired into the slit by blind offsetting from a nearby 
(~25 arcsec) star. To minimize the effects of differential 
atmospheric refraction, we placed the slit at the parallactic 
angle. The parallactic angle itself (84°) was close to the 
radio axis position angle (104°; see £|4.4[) . The observations 
consisted of 3 x 30 min exposures. After each exposure, we 
shifted the target by 10 arcsec along the slit to remove the 
fringing in the red part of the CCD. The dispersion was 
3.5 A pixel -1 , the spectral resolution 14 A FWHM and the 
pixel size 0.33 arcsec. 

We used standard procedures in iraf to reduce the spec- 
trum. First, we performed bias and flat-field corrections, be- 
fore removing cosmic rays with the iraf task szap. We then 
used the iraf task background to perform the sky subtrac- 
tion. The resultant frames were median-combined and the 
one-dimensional spectrum was extracted using a 2 arcsec 
aperture width, which was chosen to optimize the signal- 
to- noise in the extended e mission lines. The s pectro pho- 
tometric standard EG 274 l|Hamuv et al.1 Il992l . [l994r ) was 
used for the flux calibration, and an He-Ar arc lamp for the 
wavelength calibration. We estimate the relative flux cal- 



ibration to be accurate to ~5 per cent, the absolute flux 
calibration to within a factor of two, and the wavelength 
calibration to -~0.15 A, i.e. ~1 per cent of the spectral res- 
olution. Last, the spec trum was corrected for Galactic ex - 
tinction using both the lSchlegel. Finkbeiner fc Davisl (|l998l l 
dust maps (colour excess E ( B — V ) = 0.066 mag) and the 
ICardelli. Clayton fc Mathisl (|l989l 1 extinction law. 



3.3 VLT 

We obtained H- and .f^-band images of PKS B0529-549 
from the ESO science archivfl The observations took place 
on ut 1999 November 27 and 28 with the Infrared Spectr om- 
eter and Array Camera (ISAAC; iMoorwood et aI1ll998l ) on 
the Antu unit (UT1) of the VLT. In both cases, the total 
integration time was 10 min, consisting of a 10 point jitter 
pattern of 60 s exposures. The pixel size is 0.147 arcsec in 
both images and the seeing was ~0.4 arcsec in H and ~0.7 
arcsec in K s . We reduced the data using the gasgano pack- 
age and calibrated the photometry an d astrometry using the 
Two Micron All Sky Survey (2MASS; Iskrutskie et aLll2006h 
catalogue. We estimate the photometry to be accurate to 
~0.1 mag and the relative astrometry to ~0.2 arcsec. 



3.4 Spitzer 

Spitzer near/mid-IR images of PKS B0529— 549 were ob- 
tained from the Spitzer survey of high-redshift radio galax- 
ies (Seymour et al. 2006, in prep.). The observations were 
carried out on ut 20 04 November 26 w ith the Infrared Ar- 
ray Camera (IRAC; iFazio et al.l [20041. The images are at 
wavelengths of 3.6, 4.5, 5.8 and 8.0 /im and consist of 4 x 30 
s exposures. Details concerning the data reduction are given 
in Seymour et al. We used 2MASS to calibrate the astrom- 
etry, which we estimate to be accurate to ~0.2 arcsec. 



2 http: / / archive.eso.org 
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Table 2. PKS B0529— 549 radio properties derived from ATCA observations. 



8640 MHz 16 448 MHz 18 496 MHz 



Component RA (J2000) Doc (J2000) Sj m Si m Si m a RM 

(h, min, s) (°, ") (m,Ty) (per cent) (m,Ty) (per cent) (mjy) (per cent) (rad m~ 2 ) 

(1) (2) (3) (4) (5) (6) (7) 

East 05 30 25.53 -54 54 23.5 55.2 ± 2.8 4.7 ± 0.6 26.3 ± 1.3 7.8 ± 0.3 23.4 ± 1.5 8.4 ± 0.4 -1.14 ± 0.09 -720 ± 80 
West 05 30 25.39 -54 54 23.2 20.7 ± 1.1 < 5.3 7.6 ± 0.4 4.9 ± 1.2 6.3 ± 0.4 7.6 ± 1.9 -1.56 ± 0.10 

Notes: (1) Source component, (2) position of source component in J2000 coordinates, (3-5) integrated Stokes / flux density, Sj , measured 
in mjy, and fractional linear polarization, m, expressed as a percentage (3cr upper limit at 8640 MHz), at 8640, 16 448 and 18 496 MHz, (6) 
spectral index of source component, (7) observed-frame rotation measure, not corrected for the Galactic Faraday screen, measured in rad m — 2 . 



4 ANALYSIS OF RADIO PROPERTIES 

Table [2] contains a number of radio properties of PKS 
B0529— 549 determined from this study. In particular, for 
each source component, we list its J2000 position, integrated 
flux density, fractional polarization, spectral index and rota- 
tion measure. These properties are discussed in the following 
subsections. 



4.1 Morphology 

Fig. [U shows the radio morphology of PKS B0529— 549 at 
8640, 16 448 and 18 496 MHz. At all three frequencies, the 
source has an FR II double morphology. It is clear that 
the lobes are asymmetric: the eastern lobe is ~3-4 times 
brighter than the western lobe. The lobe separation is ~1.2 
arcsec at all three frequencies, corresponding to a projected 
linear size of ~10 kpc in our adopted cosmology. Thus, PKS 
B0529— 5 49 is a compa ct steep-spectrum (CSS) source (e.g. 
review bv lO'Dea|[l99a ). 



4.2 Flux densities and spectral indices 

Peak and integrated flux densities were measured by fit- 
ting elliptical Gaussians to both source components with 
the miri ad task imfit. The fitting errors were calculated 
following ICondonl (|l997l ) and combined in quadrature with 
the calibration uncertainty to obtain a total flux density un- 
certainty. In general, the fitting uncertainty is much smaller 
than the calibration uncertainty, which is ~5 per cent at 
8640 and 16 448 MHz and ~6.5 per cent at 18 496 MHz. The 
total 8640 MHz flux density calculated from our re-analysis 
is consistent with the value determined by Wieringa, Hun- 
stead and Liang. 

The spectral energy distributions (SEDs) of the indi- 
vidual source components and the overall source are shown 
in Fig. [2] For each source component, we calculated three- 
point spectral indices using the 8640, 16 448 and 18 496 MHz 
flux densities. We also derived an overall source spectral in- 
dex using the flux density information in Table [T] combined 
with our 8640, 16 448 and 18 496 flux densities. As is evident 
in Fig. [2] each spectrum can be fitted by a single power 
law. The western lobe has a much steeper spectral index 
(a = —1.56) than the eastern lobe (a = —1.14). The over- 
all spectral index is a — —1.20. Using this value, the radio 
luminosity at 1.4 GHz is calculated to be 4.7 x 10 28 W Hz -1 . 



(2) 



(3) 



4.3 Fractional polarization 

The fractional linear polarization m is given by 

\J S Q + S u 
m= Sr ' 
with uncertainty 

We only considered pixels with polarized intensity > 
3<jqu when calculating m. We do not detect any linearly po- 
larized flux at the 3<r level at 8640 MHz in the western lobe. 
Moreover, the linearly polarized flux in the western lobe is 
only detected at the 4cr level at 16 448 and 18 496 MHz. 
The lack of sensitivity in the fractional polarization mea- 
surements in the western lob e meant that we could not use 
the L aing-Garrington effect (|Garrington et all 1 19881 ; iLaind 
1988) to deduce the relative orientation of the lobes to the 
line of sight. 

As the ATCA has a multi-channel continuum mode, one 
can minimize the effects of bandwidth depolarization by di- 
viding each bandpass of effective bandwidth 104 MHz into 
13 channels of bandwidth 8 MHz. However, we found that 
the average fractional polarization values obtained from this 
approach did not differ significantly from those obtained us- 
ing the full bandwidth. This is expected, given that band- 
width depolarization becomes pro gressively less importan t 
with increasing frequency (e.g. iGardner fc Whiteoaklll966l ). 

It is interesting to compare the fractional polarization 
measurements in PKS B0529— 549 with those obtained in 
other high-frequency studies. The median 8.2 GHz fractional 
polarization of the hots pots in the CSS source s from the 
ICarilli et all <|l997h and IPentericci et al.l (|2000ah studies is 
4.5 per cent, which is consistent with the 8.6 GHz fractional 
polarization in the eastern lobe of PKS B0529— 549. More- 
over, given that these CSS sources are at similar redshifts 
to PKS B0529-549 (median redshift ~2.5), the agreement 
is also valid at rest-frame frequencies. Similarly, in both the 
observed and rest frames, the 8.6 GHz fractional polarization 
in the eastern lobe is consistent with the median 8.5 GHz 
fractional polarization of 4.6 per cent o bserved in source 
components in the B3-VLA CSS sample l|Fanti et al.ll2004h 
in the redshift range 2-3 (median redshift ~2.3). 

The 16.5 GHz and 18.5 GHz fractional polarization val- 
ues in the eastern and western lob e s of PKS B0529— 549 
are comparable with the iRicci et all (|2004T ) ATCA study of 
southern Kiihr sources (S5 GHz > 1 Jy); the median frac- 
tional polarization at 18.5 GHz for steep-spectrum radio 
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8640 MHz 




16448 MHz 





Figure 1. PKS B0529— 549 radio contour plots at 8640, 16 448 and 18 496 MHz with E polarization vectors superposed. In the left 
panel, the contour levels are 1, 2, 4, 8, 16 and 32 mjy beam -1 . In the middle panel, the contour levels are 0.15, 0.3, 0.6, 1.2, 2.4, 
4.8, 9.6 and 19.2 mjy beam -1 . In the right panel, the contour levels are 0.25, 0.5, 1, 2, 4, 8 and 16 mjy beam -1 . The synthesized 
beam is shown in the bottom right-hand corner of each panel. 



Rest-Frame Frequency (GHz) Rest-Frame Frequency (GHz) 

30 50 70 10 100 




10 15 20 0.1 1.0 10.0 100.0 

Observed-Frame Frequency (GHz) Observed-Frame Frequency (GHz) 

Figure 2. Radio SEDs of the eastern and western components of PKS B0529— 549 (left panel) and the overall source (right 
panel). In each panel, the axes are labelled in both observed- and rest-frame frequencies. Spectral indices derived from linear 
least-squares fits with inverse-variance weighting are stated next to each SED. 



galaxies in their sample is 6. 1 per cent. Howev er, in the 
ATCA 20 GHz pilot survey, ISadler et ail (|2006t ) found a 
median fractional polarization of only 2.3 per cent in a flux- 
limited sample with 5*20 GHz > 100 mjy, though there is a 
trend for fainter 20 GHz sources to show higher levels of 
fractional polarization. Given that the 16.5 and 18.5 GHz 
flux densities of PKS B0529— 549 are approximately one- 
third of t his limiting flux de nsity, our results are consistent 
with the ISadler et ail (|2006l ) study. We note that in both 
the Ricci et al. and Sadler et al. samples there is not enough 
redshift information to permit an investigation at rest-frame 
frequencies. 



4.4 Rotation measure 

The rotation measure RM is determined from the linear re- 
lationship between polarization position angle ($) and ob- 
serving wavelength squared (A 2 ) 



where <3?o is the intrinsic polarization position angle. The 
polarization position angle, measured north through east, 
was found using 



4> 



1 -i 
- tan 
2 



Su 



(5) 



(6) 



$ = $ + RM\ A 



(4) 



with uncertainty 
2S P 

We used the values of $ calculated at the position of peak 
intensity to determine the RM. The <!> vectors at each fre- 
quency are shown in Fig. [T] 

We only had sufficient signal-to-noise to derive an 
RM for the stronger, eastern radio component. The non- 
detection of linear polarization at 8640 MHz in the western 
lobe limits our A 2 baseline to two closely-spaced points. The 
length of this baseline, coupled with the fact that linear po- 
larization is only detected at the 4a level at 16 448 and 18 496 
MHz meant that the precision in the RM measurement was 
low. 

Fig. |3]shows a plot of <3? versus A 2 and the corresponding 
linear fit for the eastern lobe of PKS B0529-549. We found 
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PKS B0529-549 east 




0.0004 0.0006 0.0008 0.0010 0.0012 
Lambda 2 (m 2 ) 



Figure 3. Polarization position angle versus A 2 for the eastern lobe of PKS B0529— 549. The observed-frame RM (not corrected for the 
Galactic Faraday screen), derived from a least-squares linear fit with inverse- variance weighting, is stated in the upper right-hand corner 
of the panel. 



that the nir ambiguity in $ was best solved by dividing 
the 8640 MHz bandpass into three approximately equally- 
spaced bins (centres 8676, 8644 and 8608 MHz) and sub- 
tracting 7r rad from the measured position angles at these 
frequencies. It is clear in Fig. [3] that the data are well fitted 
by a linear relation (reduced x 2 = 0.58). The observed- frame 
RM is -720 ± 80 rad m -2 . 

If the Faraday screen producing the RM is located at 
the redshift z of the source, then the intrinsic RM, RMi ntI , 
is related to the observed RM, RM h a , such that 

RM intI = (RM obs - RM gal ) x (1 + zf, (7) 

where RM ga \ is the contribution to the RM from the Galac- 
tic Faraday screen. As there are very few published extra- 
galactic RMs in the vicinity of PKS B0529-549, interpo- 
lating RM gSL i to the position of PKS B0529-549 (Galac- 
tic coordinates I — 262? 7, b = —33? 4) may introduce 
considerable uncertainties. Therefore, to determine RM ga ,i, 
we used the median RM of sources no more than 15 deg 
from PKS B0529-549 from the all-sky RM catalogue of 
iBroten. MacLeod fc Vailed { 19881 ). -RMgai was found to be 
30 rad m~ 2 , which is consistent with the foreground Galac- 
tic RM in the direc tion of the Large Magellanic Cloud 
jGaensler et al l 120051 ). ~15 deg from PKS B0529-549. 
Thus, given that the redshift of PKS B0529-549 is z = 
2.575, then RM int r = -9600 ± 1000 rad m~ 2 . 

After correcting for Faraday rotation, the intrinsic po- 
sition angle of the magnetic field in the eastern lobe at the 
position of peak intensity is 18° ± 2°. The position angle 
of the radio axis is —76° ± 2°. Therefore, the magnetic 
field is oriented at ~90° to the jet direction in the lobe 
hotspot , which is typically observed i n powerful radio galax- 
ies (e.g. iMuxlow fc Garri ngton 1991). Moreover, using min- 
imum energy conditions (|Mileviri98C ) , we estimate the mag- 
netic field strengths in the eastern and western lobe hotspots 
to be ~450 and ~750 /j,G, respectively. In comparis o n, the 
hot spot magnetic fie l d stren gths in the lCarilli et alj (Il997l ) 
and lPentericci et al, (2000a) studies span the range 160-700 



5 ANALYSIS OF OPTIC AL/INFRARED DATA 
5.1 NTT spectroscopy 

In this section, we discuss the properties of PKS B0529— 549 
derived from our NTT spectrum, which is shown in Fig. U 
Our spectrum has a h igher signal-to-noise ratio than the 
IRottgering et all l|l997l ) spectrum, allowing us to clearly de- 
tect Lya, Civ A1549, Hen A1640 and Cm] A1909, as well 
as marginal Nv A1240 and Cn] A2326. Using these emission 
lines, our redshift determination (z = 2.570 ± 0.005) agrees 
with the redshift calculated in the Rottgcring et all (|l997f ) 
study (z = 2.575 ± 0.002), within the limits of experimen- 
tal uncertainty. The emission-line properties deduced from 
the spectrum are listed in Table [31 For each detected emis- 
sion line, we give the observed line wavelength, integrated 
flux density, deconvolved FWHM and rest-frame equivalent 
width. 

The ma in differences between ou r spectrum and the one 
presented in IRottgering et alj l|l997l ) is that we find the C iv 
flux to be ~2.5 times stronger and the C in] flux to be ~2 
times weaker, such that line ratio C iv/Cm] ~ 1.0. We note 
that our 2 arc sec extraction aperture is smaller than the 
one used in the Rottgcrin g et all l|l997l ) study, who chose an 
aperture as large as the angular extent of Lya, which they 
calculated to be 5 arcsec. This means that our ID spectrum 
will be missing some of the extended flux in the emission 
lines. 

Using the NTT 2D spectrum of PKS B0529-549, we 
find the angular size between the most extreme points where 
Lycv is detected to be 5.1 arcsec, in good agre ement with 
the value calculated by IRottgering et alj (Il997l ). Our value 
is also comparable to the Lya extent between the spatial 
points where the emission-li ne flux is 20 per cen t of the 
peak level, as calculated by Ivan Oiik et all (|l997l ) from a 
higher-resolution (~3 A) spectrum of the Lya emission. In 
our adopted cosmology, this angular size of 5.3 arcsec im- 
plies that PKS B0529— 549 is surrounded by a Lya halo of 
spatial extent ~45 kpc. 
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Figure 4. NTT EMMI spectrum of PKS B0529-549. Prominent emission-line features have been marked. The positions of the vertical 
dotted lines indicate the predicted observed wavelength of the lines at the redshift quoted in Table [3] 



Table 3. PKS B0529— 549 emission-line measurements. 



z 


Line 


"^obs 


Integrated Flux 


At>FWHM 


Wrest 






(A) 


(10 -16 erg s _1 cm -2 ) 


km s _1 


(i) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


2.570 ± 0.005 


Lya 


4340 ± 2 


6.3 ±0.7 


1860 ± 380 


> 275 




Nv A1240 t 


4436 ± 5 


0.76 ± 0.24 


900 ± 800 


> 17 




Civ A1549 


5542 ± 11 


1.0 ±0.1 


1810 ± 830 


17 ±5 




He II A1640 


5863 ± 3 


0.36 ± 0.07 


400 ± 290 


11 ±4 




Cm] A1909 


6807 ± 3 


0.97 ±0.14 


1060 ± 310 


31 ± 6 




C n] A2326 t 


8309 ±11 


0.46 ± 0.11 


1100 ± 700 


25 ± 9 



Notes: (1) Source redshift, (2) emission-line identification, (3) observed wavelength, measured 
in A, (4) integrated flux density, measured in 10 — 16 erg s — 1 cm -2 , (5) deconvolved FWHM, 
measured in km s _1 , (6) rest-frame equivalent width, measured in A. 
t Marginal detection only. 



Using the information in Table [3] and considering only 
those emission lines with clear detections, we derive line ra- 
tios Civ/Hen » 2.8, Cin]/Hen » 2.7, Civ/Cra] « 1.0, 
Civ/Lya ~ 0.16, and Cin]/Lycv « 0.15. We note that any 
absorption or resonant scattering effects will tend to de- 
crease the Lya flux, and so the C iv/Lya and C m]/Lya line 
ratios should be viewed as upper limits. By plotting these 
ratios in line diagnostic diagrams, we can determine the exci- 
tation mechanism (photoi onization or shock ionization) that 
best describes the data (jAllen. Dopita fc Tsvetanovl Il99sl : 
iDe Breuck et al.ll2000bh . Our improved measurements sug- 
gest that the line ratios are most consistent with a photoion- 
ization model with power law index of the ionizing spec- 
trum q = —1.0 and ionization parameter log((7) ~ —2. This 
result is in agreement with previous studies of the high- 
excitation line ratios in HzRGs, where it was found that 
photoionization models provide the best fit to the data (e.g. 
IDe Breuck et al]|2000bl) . An alternative possibility is that 
there are several different regions described by a combina- 
tion of both shocks and photoionization, with the shock con- 
tribution being most significant near the radio lobes. As the 
size of the radio source is so small, we do not have sufficient 
spatial resolution to distinguish between these regions. 

Assuming that the line ratios can be described by the 
photoionization mechanism, the hydrogen density is consis- 



tent with 100 to 1000 cm -3 , but cannot be constrained due 
to the degeneracy in the parameters of the photoioniza- 
tion models. The UV line ratios are reasonably consistent 
with the U V-optical diagnos tic diagrams using a [Oiii]/H/3 
~ 8 ratio (Humphrey 200|j), although these diagrams are 
less reliable because of the possibly different apertures on 
the object. Moreover, if the detection of N v A1240 is con- 
firmed, this would imply relatively high Nv/Civ (~ 0.76) 
and Nv/Hen (« 2.1) ratios, as seen in several other z ~ 2.5 
radio galaxie s, and interpreted as evidence of super-solar 
metallicities (IVernet et al.ll200ll ). 

5.2 VLT/Spitzer imaging 

Here we discuss the host galaxy properties ascertained from 
our VLT ISAAC and Spitzer IRAC images. The top left and 
right panels of Fig. [5] show overlays of the radio source on 
the ISAAC H- and 7\" s -band images, while the bottom left 
and right panels show similar overlays on the IRAC 3.6 and 
8.0 /im images. Although not shown, the 4.5 fim image is 
very similar in appearance to the 3.6 fim image and the 5.8 
/jm image is of low signal-to-noise. The resolution in the 3.6 
and 8.0 /im images is ~1.4 and ~1.7 arcsec respectively. 

The near to mid-IR SED of PKS B0529-549 shows that 
the 3.6 and 4.5 fim emission is clearly dominated by an old 
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Figure 5. Smoothed ISAAC H- and ii" s -band images (top left and right panels) and Spitzer IRAC 3.6 and 8.0 fim images (bottom 
left and right panels) of PKS B0529-549, overlaid with ATCA 18 496 MHz contours. In each panel, the ATCA contour levels are 
0.25, 0.5, 1, 2, 4, 8 and 16 mjy beam" 1 . 



stellar population in the host galaxy (Seymour et al. 2006, 
in prep.). However, the flux in the 8 /im image is beyond 
the turnover of the stellar population. As the flux is higher 
than in the three shorter wavelength IRAC bands, the 8 /im 
image must therefore be dominated by hot dust emission 
(Seymour et al. 2006, in prep.). The small spatial offset seen 
with respect to the 3.6 (and 4.5) /im emission suggests that 
the hot dust emission may be offset from the host galaxy. 
However, as the IRAC images are relatively shallow, the 
offset may also be due to low signal-to-noise. 

The ISAAC/ ATCA overlays in Fig. [5] suggest that the 
radio emission may extend beyond the host galaxy. We es- 



timate that the relative radio to near-IR astrometry is ac- 
curate to ~0.1 arcsec, which is the astrometric uncertainty 
of 2MA SS relative to the Inte rnational Celestial Reference 
System l|Skrutskie et al.ll2006t ). Combining this in quadra- 
ture with the positional uncertainties in the radio and near- 
IR images gives an overall astrometric uncertainty of ~0.25 
arcsec. Note that we smoothed the H- and .Ks-band images 
with a 0.5 arcsec FWHM Gaussian to improve the signal- 
to-noise ratio. The //-band emission appears to be elon- 
gated along the radio axis, and is dominated by extended 
[Oiii] AA4959,5007 emission which falls in this band. How- 
ever, the .Kg-band emission is not affected by emission-line 
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contamination: t he if-band spectrum of PKS B0529— 549 
|Humphrevll2004r ) shows only one bright emission line (Ha) 
which falls outside of the transmission of the K s filter used 
for the ISAAC imaging. The A's-band image shows that the 
host galaxy is located nearer to the western radio lobe while 
the eastern lobe (the one with the high RM) seems to be 
located just outside the host galaxy (~0.8 arcsec from the 
host galaxy centroid). 

The ifs-band magnitude in our ISAAC image of the 
host galaxy is 20.0 ± 0.2 mag (1 arcsec aperture). We did 
not correct for Galactic extinction or airmass variations as 
these terms are negligible compared to the uncertainty in the 
photometry. The .K^-band flux falls well below an extrapola- 
tion of the old stellar population SED (Seymour et al. 2006, 
in prep.), implying a significant amount of extinction (~1.6 
mag) in this object and/or residual aperture correction ef- 
fects. As the observed-frame A^-band emission corresponds 
to rest-frame visual emission, this extin ction value iscon- 
sistent with the near-IR spectroscopy of Irlumphrevl |2004), 
who found that the visual internal extinction value Ay may 
be as high as 2.6 mag in PKS B0529-549. 



6 DISCUSSION 

6.1 Rotation measure 

The most striking result of our radio analysis of PKS 
B0529-549 is the huge rest-frame RM of -9600 rad m -2 
in the eastern lobe. This RM is one of the largest observed 
in an extragalactic source, and as we shall argue in this 
section, is the largest reported so far in the environment 
of a z > 2 radio galaxy. The previous largest such RM 
observed in a z > 2 radio galaxy i s 6250 rad m~ 2 in the 
2 = 2.156 source PKS B1138-262 (|Carilli et al.lll997T ). In 
contrast, the me dian rest-frame RM of t he z > 2 radio 
;alaxie s from the ICarilli et al.l (ll997T l and iPentericci et al.l 
200081 ) studies is ~700 rad m~ 2 . However, this median value 
will not be representative of the z > 2 radio galaxy popu - 
lati on as a whole. A s in our study, the ICarilli et al.l (|l997P l 
and IPentericci et al.l (|2000aT ) observations sample high rest- 
frame frequencies, and therefore only a restricted range of 
high rest-frame RMs at least several hundred rad m~ 2 in 
magnitude can be reliably deduced. 

In determining the physical origin of the extreme RM, it 
is crucial to note that PKS B0529— 549 is a CSS source. For 
comparison, PKS B1138— 262 has a largest angular size of 
15.8 arcsec (|Carilli et al.lll997r ). which corresponds to a lin- 
ear size of 133 kpc in our adopted cosmology. CSS sources 
commonly have large RMs, e.g. ~20 per cent of sources 
in the B3-VLA C SS sample have RMs > 1000 rad m~ 2 
ijFanti et all 120041 ). Moreover, extremely high rest-frame 
RMs have been observed in the high-reds hift CSS quasars 
OQ 172 (RM = 22 400 radm" 2 , z = 3.535. iKato et al.lll987l ; 
IO'Deall998h and SPSS J162 4+3758 (RM = 18 350 rad m" 2 , 
z = 3.377. iBenn et al.1l2005l ). It should be stressed that the 
sizes of the radio sources in these objects, and CSS sources 
in general, are much smaller than their host galaxies and so 
the Faraday screen responsible for the RM is most likely to 
be the magnetized interstellar environment. In fact, the ex- 
treme RM in OQ 172 has been sh own to be confined to the 
nuclear environment (O'Dca 1998, and references therein). 



Despite the fact that PKS B0529-549 is a CSS source, 
the magnetized ambient interstellar medium will not be a 
cause of the extreme RM if the eastern lobe is indeed lo- 
cated outside of the host galaxy, as is suggested in the K s - 
band/ATCA overlay in Fig. [5] However, we stress that the 
if s -band image is very shallow, and therefore we might not 
be detecting low surface brightness diffuse stellar emission. 
Moreover, as discussed in i]5.2l a large amount of dust may 
be obscuring the host galaxy. Hence, both of the radio lobes 
of PKS B0529— 549 could still be inside the host galaxy, al- 
beit in the outer parts. We consider it unlikely that the host 
galaxy is significantly larger than the radio lobe separation 
of ~10 kpc: near-IR imaging of radio galaxies of s imilar red- 
shift to PKS B0529-5 49 by Ivan Breugel et all (ll998T ) and 
IPentericci et al.l l|200ll ) reveals that the host galaxies have 
linear sizes up to ~10 kpc. In addition, a dense interstellar 
medium producing a large RM is unlikely to be at the edge 
of the host galaxy. If this were in fact the case, then we may 
have expected the _K" s -band emission to be extended towards 
the eastern lobe, but this is not apparent in Fig. [5] 

Assuming that the RM in the eastern lobe is not be- 
ing produced by the interstellar medium within the host 
galaxy, we now investigate two other possibilities. To test 
whether PKS B0529— 549 resides in a cluster, we have 
looked for source overdensities using the Spitzer IRAC data, 
but find no evidence for this (Galametz, priy . comm .). In 
addition, Ivan der Werf. Moorwood fc Bremerl (|200fj| ) have 
searched unsuccessfully for an overdensity of Ha emitters 
in the field of PKS B0529-549. Although our IRAC images 
are relatively shallow, it thus seems unlikely that a dense 
protocluster environment on scales of hundreds of kpc is re- 
sponsible for the large RM. However, an alternative hypoth- 
esis that a gaseous halo is responsible for the extreme RM is 
supported by the fact that PKS B052 9— 549 is known to be 
surrounded by a ~45 kpc Lya halo l)van Oiik et al.l[l997l ^ . as 
discussed in £|5 . 1 1 Indeed, a dense halo environment is sug- 
gested by the observation that strong Lya absorption (Hi 
column density = 10 19 ' 2 cm -2 ) oc curs over the spatial scale 
of the halo at the galaxy redshift (Ivan Oiik et al.lll997r i. 

Studies at low redshift find that powerful radio galax- 
ies with substantial Faraday rotation are located in clus- 
ters compose d of hot X-ray emit ting gas with tempera- 
ture ~10 7 K l|Carilli fc Tavlorll2002l . and references therein). 
These sources have been found to have RMs as large 
as ~20 00 rad m~ 2 , observed i n the z = . 464 s ource 
3C 295 (iPerlev fc Tavlol Il99ll ). ICarilli et al.l <|l997h and 
IPentericci et al. (2000a) speculate that the extreme RMs 
in their HzRG samples are also due to magnetized X-ray 
emitting cluster gas. Indeed, extended X-ray emission has 
been observed around PKS B1138— 262, likely due to ther- 
mal emission from gas of density ~0.05 cm -3 , though the 
morphology of the X-ray emission is not wh at would be 
expec ted from a normal cluster atmosphere (|Carilli et alj 
l2002h . 

In their analysis of the Lya emi ssion from a sample o f 
HzRGs, including PKS B0529-549, Ivan Oiik etahl (|l997T ) 
assumed that the radio-emitting plasma and the external 
hot gas in the halo are in pressure equilibrium such that 
n c T ~ 10 6 cm -3 K, a typical value seen in such systems. 
If magnetized X-ray emitting gas of temperature ~10 7 K 
is causing the extreme RM in PKS B0529— 549, then the 
electron density in this gas will be n c ~ 0.1 cm -3 . With 
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this rough estimate of the electron density, we can use Eq. 
Jl]) to estimate the magnetic field strength responsible for 
the RM. Letting the path length be the ~20 kpc charac- 
teristic radius of the Lya halo, and assuming a constant 
magnetic field and electron density, we find that n e Bii « 
0.6, where Bu is the net magnetic field component along the 
line of sight. It follows that Bu ~ 6 fiG. The magnetic field 
strength B = \/3~B|| is then ~10 /iG. This is consistent with 
the typical magnetic field strengths of ~5-10 pG found in 
low-redshift clusters co ntaining sources with extreme RMs 
l)Carilli fc Tavlorl 120021 ). However, we stress that our esti- 
mate of the magnetic field strength remains very uncertain 
until we can obtain X-ray observations of PKS B0529— 549 
to better constrain the electron density. 



The expected mass M of the X-ray emitting gas inferred 
to be responsible for the extreme RM in PKS B0529-549 
can be estimated roughly using M ~ n e m p f v V, where m p 
is the proton mass, f v the volume filling factor and V the 
volume occupied by the X-ray gas. Assuming that the gas 
consists solely of fully ionized hydrogen contained within a 
sphere of radius 20 kpc, n c = 0.1 cm -3 , and the filling factor 
of the hot gas is unity, then M ~ 10 11 Mq. For compari- 
son, the estimated mass of the hot ga s in PKS B1138— 262 
is 2.5 x 10 12 M (|Carilli et al.ll2002l ). Moreover, the esti- 
mated mass of the X-ray emitting gas in PKS B0529— 549 
is approximately three orders of magnitude higher than the 
mass of the Lya emitting gas (1.4 x 10 8 M0; lvan Oiik et al.l 
1 19971 ). If we assume that the X-ray emission is thermal 
bremsstrahlung from 10 7 K gas, then an order of magni- 
tude estimate for the X-ray luminosity is ~10 43 erg s -1 . 
This estimate is similar in value to published upper limits 
for the extended thermal X-ray luminosity in z > 2 radio 
gala xies, which range f r om ^4 x 10 43 erg s" 1 to ^10 45 er, 
s" 1 (ICarilli et al.ll2002l; I Fabian, Crawf ord fc Iwasawall200~ 



IScharf et al.ll20051 ; lQverzier et alj|2005f ) 



6.2 Spectral energy distributions 

Another piece of evidence suggesting that the large RM in 
the eastern lobe of PKS B0529— 549 arises from a type of 
dense environment is that the SEDs of the individual ra- 
dio components and the overall source are straight, i.e. they 
are power law in nature (see Fig. [2J. The lack of spectral 
steepening is intriguing, given the very high rest-frame fre- 
quencies (up to ~70 GHz) we are sampling. Indeed, the 
USS selection technique for finding HzRGs is based on the 
correlation between z and a, which is often explained as 
resulting from a fe-corrected concave radio spectrum that 
exhibits increasing energy losses at high redshift due to 
increased inverse Comp ton scattering off the cosmic mi- 
crowave background (e.g. lDe Breuck et al.ll2000ah . However, 
iKlamer et al.l || 2006S) recently cast doubt on the significance 
of a fc-correction. In a sample of 37 USS-selected radio galax- 
ies, not one source shows any signs of spectral steepening at 
high frequencies, and 89 per cent can be described by a sin- 
gle power law. Given that the vast majority of USS sources 
in t he nearby universe ar e located at the centres of rich clus- 
ters, |Klamer^etj)l] (|2006l ) postulate that the z-a correlation 
may result from an increased fraction of radio galaxies re- 
siding in regions of higher ambient density at high redshift. 
If the large RM we have measured is due to the dense envi- 
ronment in the Lya halo, then the SED of PKS B0529-549 
is consistent with this picture. 



6.3 Faraday screen 

The fractional polarization measurements discussed in H4.3I 
allow us to investigate the structure of the Faraday screen 
responsible for the RM in the eastern lobe. We make a 
standard assumption that the Faraday screen is in the fore- 
ground of the radio source, such that the thermal plasma 
is separate from the radio-emitting relativistic plasma. We 
assume further that the screen consists of cells of a given 
characteristic size in which the magnetic fields are coherent. 
Depending on the size of the telescope beam, we will mea- 
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sure the average RM over a given number of cells, which in 
turn depolarizes the source. Assuming that the RM distri- 
bution is Gaussian with dispersion a, and that the screen is 
unresolved (cell size <C beam size), the fract ional polariz a- 
tion at an observed wavelength A is given by Burn ( 1966) 

m(A) = m exp(-2cr 2 A 4 ), (8) 

where mo is the fractional polarization before any depolar- 
ization occurs. 

As shown in Fig. [6] the depolarization is well modelled 
by Burn's law (reduced \ 2 — 1-26), implying that the cell 
size is much less than the beam size (~6 kpc at z — 2.575). 
We find that m = 0.085 ± 0.003 and a = 450 ± 50 rad 
m~ 2 . In the rest-frame of PKS B0529— 549, the dispersion is 
then cr(l + zf = 5800 ± 700 rad m~ 2 . This dispersion value 
implies that the rest-frame RM in the eastern lobe ranges 
from approximately —3800 rad m -2 to as high as —15 400 
rad m -2 . 

The large rest-frame Faraday dispersion observed in 
PKS B0529— 549 i s consistent with the properties of the B3- 
VLA CSS sample IjFanti et alj|2004r ). in which the rest-frame 
Faraday dispersion (and RM) is found to increase with in- 
creasing redshift. In this sample, no sources with rest-frame 
Faraday dispersions > 1000 rad m -2 are at z < 1. The 
sources with rest-frame Faraday dispersions > 1000 rad m -2 
are sufficiently depolarized such that the median fractional 
polarization at 1.4 GHz is only ~0.4 per cent. We expect the 
eastern lobe of PKS B0529— 549 to show similar behaviour. 



7 CONCLUSIONS 

We have drawn the following conclusions based on our study 
of PKS B0529-549: 

(i) The eastern radio lobe of PKS B0529-549 has an ex- 
treme rest-frame RM of —9600 ± 1000 rad m -2 , the largest 
reported thus far in association with a z > 2 radio galaxy. 

(ii) We postulate that the RM is due to ~10 7 K, dense, 
magnetized gas of total mass ~10 1:L Mq in the Lya halo 
surrounding the host galaxy. We estimate the magnetic field 
strength of this gas to be ~10 fiG. In addition, if the X-ray 
emission from this gas is thermal in origin, then we estimate 
the X-ray luminosity to be ~10 43 erg s _1 . 

(iii) The rest-frame dispersion in the Faraday screen caus- 
ing the RM is 5800 ± 700 rad m" 2 . Thus, the RM in the 
eastern lobe ranges from approximately —3800 rad m -2 to 
as much as —15 400 rad m~ 2 . We also find that the cell size 
in the Faraday screen is consistent with being much smaller 
than the ~6 kpc size of the beam. 

(iv) X-ray observations are needed to more accurately de- 
termine the electron density and gas mass in the Lya halo. 
Furthermore, additional sensitive high-frequency radio ob- 
servations would enable the RM in the western lobe to be 
calculated, allowing for a more detailed study of the envi- 
ronment in which the host galaxy is situated. 

(v) Our NTT spectrum of PKS B0529-549 has allowed 
for more accurate emission-line properties to be deduced. 
We suggest that the revised line ratios are best described 
by a photoionization model. In addition, the Nv line ra- 
tios suggest the presence of super-solar metallicities in the 
emission-line gas. 



(vi) The A" s -band magnitude (20.0 ± 0.2 mag) and the 
near- to mid-IR SED imply that the host galaxy is signif- 
icantly obscured by dust (internal visual extinction ~ 1.6 
mag) . Moreover, the 8.0 /jm emission is dominated by a hot 
dust component. 
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